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INTRODUCTION

This report summarizes published information for offshore sedimentary
basins of Alaska and adjacent regions (Figures 1 and 2) including: (1)
onshore extensions of offshore basins and (2) several basins of western Canada
and eastern U.S.S.R.

For each basin there is an isopach or structure-contour map (where
available), a basin history diagram, and descriptive text. Other authors'
original isopach and structure-contour maps are presented as figures with the
text (See Figure 2 for a list of contributors to this compilation). These
maps have also been compiled on an Albers equal area projection at a scale of
1:2,500,000 with a 1 kilometer contour interval (Plate 1). Where more than
one horizon has been mapped, Plate 1 shows the oldest or most representative
horizon; maps of other horizons may appear as figures with the text. For
some areas seismic profiles, line drawings of seismic profiles, or cross
sections are shown.

Other authors' stratigraphic columns have been compiled onto basin
history diagrams that show time vertically along a left-side column (time
scale of Harlan and others, 1983) and thickness and lithology (See Appendix
for key to symbols) vertically along a right-side column. Most of the basin
history diagrams are drawn at the same scale, allowing direct visual
comparisons of sedimentation rates, age and duration of unconformities,
distribution of lithologies, and other parameters.

The subjects covered in the text--where the information is available--are
listed below:

1. General information--including the basin's location, area, maximum

thickness of sedimentary rocks, age of basin fill, and water depth.

2. Geologic and geographic boundaries.

3. Basin shape.

4. Structural Geology.

5. Basement.

6. Basin type.

7. Stratigraphy--including textural trends, coarse-grained units, shapes

of sedimentary units, volcanism, plutonism, deformation, and
metamorphism.

8. Prominent seismic horizons.,
9. Gravity.

10. Magnetics.

11. Petroleum geology--including geothermal gradient, source rocks,
maturation, diagenesis, and oil and gas bearing rocks.

12, Availability of maps and other illustrations--including location,
thickness, isopach, and structure contour maps; seismic profiles and
line drawings; cross sections; and stratigraphic columns.

13. Degree of coverage.

14. Other information.

15. Recent references.

The basins are listed in rough geographical order from north to south.
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K -- Kaktovik Basin Arthur Grantz

DG -- Dinkum Graben
Nu -- Nuwuk Basin
CF -- Colville Foredeep (North Slope)
C -- South Chukchi Basin
NC -- North Chukchi Basin
H -- Hope Basin

N -- Norton Basin M.A. Fisher
S -- Cook-Shelikof Basin

T -- Tugidak Basin

A -- Albatross Basin

S -- Stevenson Basin

An -- Anadyr Basin D.W. Scholl, M.S. Marlow,
Na -- Navarin Basin T.L. vallier, A.K. Cooper,
Al -- Aleutian Basin and A.J. Stevenson

BD -- Buldir Depression

PD -- Pratt Depression

SG -- Saint George Basin

Am -- Amak Basin

AA -- Amlia-Amukta Basin

BB -- Bristol Bay Basin

At -- Atka Basin and Aleutian Terrace
Tr -- Aleutian Trench

Sa -- Sanak Basin T.R. Bruns
Sh -- Shumagin Basin

MS -- Middleton Segment

Yg -- Yakataga Segment

Ya -- Yakutat Segment

SE -- Southeastern Alaska Segment

PO -- Pacific Ocean Basin

QC -- Queen Charlotte Basin Parke Snavely Jr.

Figure 2._ Index map to basins described in this report and a list of the
geologists contributing to its preparation.



KAKTOVIK BASIN

General Information-- Kaktovik basin is located off the Arctic coast of
Alaska at lat. 70°N., long. 141-145°W. It has an area estimated at 14,000
square km and, offshore, reaches water depths of up to 2800 m. More than 12.5
km of Jurassic and younger sedimentary rocks fill the basin. Kaktovik basin
lies within the Diapir Field planning area.

Geologic and Geographic Boundaries-- North of Kaktovik basin 1lie the
shelf break, a field of diapirs, and Canada Basin (Figure 3), To the west is
Nuwuk basin. Barter Island lies along the southern boundary of the basin and
Demarcation Point is to the southeast. The Alaska-Canada Border and MacKenzie
River delta are east of the basin.

Basin Shape-- Kaktovik basin is elongate in an east-west direction. It
is deepest to the east and open to the north. East of Barter Island the
middle to upper Tertiary sequence occurs in two subbasins, Demarcation
subbasin (thickness 7.2 km) in the southeast and Barter Island subbasin in the
northwest.

Structural Geology-- Diapiric shale ridges and associated diapir-driven
normal faults occur east of Barter Island (Grantz and May, 1983). These
ridges are 40 to 75 km long by 5 to 10 km wide and show as much as 6.5 km of
upward penetration. Jurassic, Cretaceous, and Paleogene fine-grained
sedimentary rocks are inferred to form the diapir cores. Flanking units dip
away from ridges. There is evidence for three episodes of diapiric movement
(Grantz and others, 1982a). A regional subsurface horizon of possible middle
Eocene age is present in the area of the diapiric ridges. One of these ridges
separates the two subbasins.

Northeast-striking linear folds 40 to 90 km long by 20 km wide are
Quaternary detachment folds. These include the Camden detachment anticline
and parallel folds west of Barter Island which are active today (Grantz and
others 1982a; Grantz and May, 1983). North-dipping growth faults lie west of
Barter Island (Grantz and other, 1982a). Kaktovik basin fill is underlain by
Dinkum Graben in the west.

Basement-- A gently sloping surface at the top of the PFranklinian
sequence (pre-Mississippian) forms the basement beneath most of the basin.
The northern parts of the basin may be underlain by transitional or oceanic
crust.

Basin Type-- Kaktovik basin is a progradational continental margin prism
terrace.

Stratigraphy-- Prior to the Jurassic, the sediment source lay to the
north; throughout Brookian time (Jurassic and younger), the sediment source
lay to the south. Rocks of the Brookian sequence form a northward-thinning
wedge of clastic strata. ILocally, the presence of several northward-thinning
wedges of Ellesmerian strata (Mississippian thru Jurassic) has been
extrapolated from onshore exposures. Texturally mature sandstone and
conglomerate are common in strata of the Ellesmerian sequence in adjacent
onshore areas.

Prominent Seismic Horizons-- In Demarcation subbasin, three angular
unconformities are present in the Brookian sequence (Figure 4). The uppermost
of these (U-3) separates Neogene marine and nonmarine sedimentary rocks from
mid-Tertiary (Eocene and Oligocene?) rocks. The second unconformity (U-2)
lies within the mid-Tertiary section. The oldest unconformity, the "middle
Eocene"” unconformity (U-1), is overlain by the mid-Tertiary section and is
underlain by lower Tertiary, Cretaceous, and Jurassic marine sedimentary
rocks. Where an acoustic-basement horizon is present, it is inferred to
represent the top of the Franklinian sequence or possibly wedges of the
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Ellesmerian sequence in southern parts of the basin, and an unknown,
transitional or oceanic basement beneath the northern parts of the basin.

Gravity-- See Ruppel and McHendrie, 1976.

Petroleum Geology-- Basin filling strata buried at depths from 3 to 6 km
are within the o0il generation window. This includes the upper parts of the
diapirs and the deep parts of the subbasins. Some young folds probably post-
date the migration of oil.

Maps and Other Illustrations-- Location and thickness maps are included
with seismic profiles in Grantz and May, 1983, Location, isopach, and
structure . contour maps along with seismic profiles, cross sections, and
stratigraphic columns appear in Grantz and others, 1982a.

Degree of Ooverage-- A multi-channel seismic grid with 30 km spacing
covers Kaktovik basin.

Other Information-- Jurassic and Cretaceous strata are thin or absent
west of Barter Island. Diapiric structures underlie the adjacent continental
slope and rise.

References-- For more detailed information see Grantz and others, 1982a;
Grantz and May, 1983, 1984b; and Ruppel and McHendrie, 1976.

DINKUM GRABEN

Genexal Information-- Dinkum graben is located at lat. 70°30'N., long.
148°W. (Figure 3). 1Its area is estimated as 4250 square km. Water 25 to 100
m deep covers the basin. Of the 10.6 km total thickness of sedimentary rocks
(Figure 5), 4.7 km are Jurassic and Early Cretaceous graben fill and 5.9 km
are younger rocks of Kaktovik basin which overlie the graben. Dinkum Graben
lies within the Diapir Field planning area.

Geologic and Geographic Boundaries-- The northern boundary of the graben
is formed by a south-dipping normal fault with 2 to 4.7 km displacement. The
southern boundary is formed by a northward-dipping normal fault or faulted
flexure. Displacement on the bounding faults decreases to near zero in the
west., The graben is cannot be resolved beneath Kaktovik basin in the east.

Basin Shape-- Dinkum graben is elongate along an east-southeast to west-
northwest trend. It is 170 km long by 10 to 40 km wide and is deeper to the
east. In north-south cross section the graben is asymmetric, deeper to the
north,

Structural Geology-- Normal and antithetic faults parallel the basin
trend., Graben formation stopped by Turonian time (89 Ma); it probably began
in the Jurassic (Grantz and May, 1983).

Bagsement-- Basement of Franklinian (pre~-Mississippian) rocks forms a
north-dipping slope beneath the graben's southern side (Grantz and May,
1983). Crustal basement is probably continental beneath the southern side of
Dinkum Graben, and may be transitional or oceanic under the northern side.

Basin Type-- Dinkum graben is an asymmetric graben or half-graben, a rift
valley basin. It is underlain by the older Ellesmerian (Mississippian thru
Jurassic) Arctic Alaska basin (an intracratonic basin), and is overlain by the
sedimentary fill of Kaktovik basin (a continental margin prism terrace).

Stratigraphy-- Within the basin, bedding diverges to the north.
Northward dips of 2.5 to 12 degrees are common throughout most of the basin;
southward dips occur near the northern boundary fault. The basin is overlain
by the northward prograding clastic sequence of Kaktovik basin (Figure 5).

Prominent Seismic Horizons-- Two prominent seismic horizons probably
represent (1) the "breakup unconformity" at the base of the Cretaceous Pebble
Shale and (2) the unconformity above the Franklinian sequence (basement) on
the southern side of the graben (Grantz and May, 1983).
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Petroleum Geology—- Lowest Tertiary and Cretaceous rocks are estimated to
lie within the o0il generation window, pre-Cretaceous rocks are probably
overmature, but may have been source rocks in the past.

Maps and Other Illustrations-- Maps in Grantz and May (1983) show the
graben's location and thickness. Location, isopach, and structure-contour
maps appear with seismic profiles and stratigraphic columns in Grantz and
others, 1982a.

Other Information-- The younger sediments that overlie Dinkum Graben
(Kaktovik basin) extend laterally into the Tertiary section onshore.

References-- For more detailed information see Grantz and others, 1982a;
and Grantz and May, 1983, 1984b.

NUWUK BASIN

General Information-- Nuwuk basin is located between lat. 72°N., long.
156°W. and lat. 71°20'N., long. 151°W (Figure 6). 1Its area is about 15,000
square km, Water depths range up to 4000 m, More than 12.6 km of early
Cretaceous and younger sedimentary rocks fill the basin. Nuwuk basin lies in
the Diapir Field planning area.

Geologic and Geographic Boundaries-- North of Nuwuk basin is the shelf
break and, beyond that, Canada Basin. Nuwuk basin's northwestern boundary
probably lies along the Northwind fracture zone. 1In the southwest, a faulted
hinge line and Barrow arch bound the basin., Smith Bay is located near the
southern boundary of the basin and Harrison Bay is near the southeastern
boundary. In the east, the basin extends to about long. 151°W.

Bagsin Shape-- The basin is elongate, 300 km long by 50 km wide. The
western half of the basin trends north-northwest, and the eastern half trends
west-northwest. The basin is open to the north.

Structural Geology-- The most intense period of deformation accompanied
basin formation in the Jurassic and Early Cretaceous. Down-to-the-northeast
listric growth faults formed a multi-strand system in the Late Cretaceous or
early Tertiary, parts of which are still active (Grantz and May, 1983; Grantz
and others, 1982a). Large anticlines have formed as a result of backward
rotation along these growth faults. The anticlines are best developed in
Albian and Upper Cretaceous strata on the outer shelf and slope.

Basement-- Basement is inferred to change from continental crust--the
pre-Mississippian Franklinian sequence of the Arctic Platform—-in the south
and southwest to transitional or oceanic crust in the north and northeast
(Grantz and others, 1982a). The "breakup" unconformity, thought to represent
rifting associated with opening of the Arctic Ocean, lies on acoustic basement
under the southern side of the basin, along a down-to-the-north normal fault.

Basin Type-- Nuwuk basin is a progradational continental terrace sediment
prism, It is underlain in the south by an older basin, the Ellesmerian
(Mississippian thru Jurassic) Arctic Alaska basin, an intracratonic rift
basin.

Stratigraphy-- The source of basin-filling sediment has been to the south
and southwest since Jurassic time but, prior to the Jurassic, the source
terrane for Ellesmerian strata lay to the north.

Coarse-grained units, including texturally mature sandstone and
conglomerate, occur in the Ellesmerian sequence.

The Brookian sequence (Jurassic and younger) consists of northward-
prograding clastics showing foreset and topset beds, numerous large erosional
channels, and channel fills (Grantz and May, 1983; Grantz and others, 1982a).

Prominent Seismic Horizons-- Three prominent seismic horizons have been
interpreted as the base of Neogene(?) strata, the base of Senonian(?) strata,




*eZg@61 ‘SJ2Yylo pue zjueag wodi  “J[3YS |Yxny) 3yl jo jaed pue
‘ujseq N1A03INey ‘uaqesb wmju)q ‘ujseq JYnmnN sapn|du] */g 3|es asea| pasodosd seau pue uj
wna|o433d 40y dA1179dsoud S3204 Adejudwipas jJo ssauyd 1yl bu)moys dew aAnj3aadadju) ‘9 3unbyy

paidaloid sieym

Pio} pooiq nndoip POYSOP 'PBIND} B19ym apIS polIajN @30ym wnejo119d 10) eayIeds0sd
Aqssod smoys joquiis UMOIYIUMOP U0 $3INYIDY ‘apIs POYSOp ‘8pis UMODIYIUMOP {vondes uoiupuoiy-isod) syd0s
uadQ pjo) undoip jo Buissos) 9 @ podiomumop uo sjog ‘ouy aBuyy To—-v UD $AINYIOY NDY [DwsoN T T T Asojuowipes jo (wy) yodosy ~—v—

. Ve ! T
obngay a3tTeTIM K %90,
» + JeuoT3BN OT3I0AY M y

eMSeTy UT 9AI9SaY
umatoxilad TeuoTiIeN

of

NV 1))
1

JiLDAv
1 I

1

o80T 02ST

10



and the top of Neocomian strata (Grantz and May, 1983). The horizon at the
top of the Neocomian-~the "breakup unconformity®--lies at the top of acoustic
basement throughout gmuich of the basin (Figure 7).

Petroleum Geology-— The oil generation window lies between 3 and 6 km for
the Brookian sequence.

Maps and Other Illustrations-- Location, thickness, isopach, and
structure maps are included with seismic profiles, cross sections, and
stratigraphic columns in Grantz and others, 1982a. Stratigraphic columns
appear in Grantz and May, 1983,

Degree of Coverage-- About 600 km of 24 channel seismic, with 30 km line
spacing, cover Nuwuk basin.

Other Information-- Seaward progradation of a hingeline formed the
sediment prism of Nuwuk basin (Grantz and May, 1983). A submarine canyon cut
more than 1.4 km into seaward prograded Albian marine clastic deposits between
Barrow and Harrison Bay and was then filled with Turonian marine sediments
(Grantz, Eittreim, and Whitney, 1981)

References-- For more detailed information see Grantz and May, 1983,
1984a, b; Grantz and others, 1982a; and Grantz, Eittreim, and Whitney, 1981.

NORTH CHUKCHI BASIN

General Information-- North Chukchi basin is located at lat. 73°N., long.
167°W. It has an area of more than 15,000 square km. The basin fill of 11.6
km of Brookian strata (post mid-Lower Cretaceous) includes up to 7 km of upper
Brookian (Tertiary) strata. As much as 2.5 km of Ellesmerian (Mississippian
to mid-Lower Cretaceous) strata underlie the eastern part of the basin
(Figures 8, 9, and 10). Water depths are less than 100 m throughout the
basin. Those parts of North Chukchi basin that are east of the U.S.-Russia
convention line of 1867 (long. 169°W.) and south of lat. 73°N. lie in the
Barrow Arch planning area.

Geologic and Geographic Boundaries-- North of the basin is the Chukchi
continental borderland. The southeastern boundary of North Chukchi basin is
formed by a tectonic hinge 1line located where the dip of the Ellesmerian
strata and the dip and thickness of the lower Brookian strata increase to the
north and west (Grantz and May, 1984a). At lat. 72°N., North Chukchi basin's
eastern boundary lies at about long. 164°W; farther north, the basin's eastern
boundary probably 1lies along the Chukchi-Northwind fracture zone (long.
161°W.). Canada Basin lies northeast of North Chukchi basin.

Basin shape-- The basin has an asymmetric north-south cross section, open
and deeper to the north.

Structural Geology-- Listric normal faults cut lower Brookian and, in
places, pre-Brookian strata. They parallel the shelf break and hinge zone,
trending east-west in the southern part of the basin and northeast-southwest
in the eastern part of the basin. Along with antithetic faults, the listric
normal faults bound back-rotated fault blocks (Grantz and others, 1982b;
Grantz and May, 1984a). Listric normal faulting was probably induced by
crustal stretching related to initiation of sea~floor spreading (Grantz and
others, 1982b).

Diapirs are probably shale cored; up to 2 km in diameter, they form
piercement structures which rise to within a few tens of meters of the
seabed. Five have been recognized, but there are probably 30 to 40 in the
basin, They are interpreted to originate in 1lower Brookian or upper
Ellesmerian strata (Grantz and May, 1984a).

Block faulting occurs within the basin (Grantz and others, 1976). Small
normal faults and a few very low amplitude folds are present (Grantz and May,
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Figure 7 NUWUK BASIN Data from Grantz and May, 1983
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Figure 10

NORTH CHUKCHI BASIN

Data from Grantz and others, 1981; 1982b
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1984a).

In the southern part of the basin the strata dip to the north as much as
15 degrees, dips decrease to less than one degree farther north.

Basement-- Oceanic or thinned continental crust underlies the basin
(Grantz and others, 1981). Acoustic basement is pre-Ellesmerian but may not
be typical of the Franklinian sequence (Grantz and others, 1982b).

Basin Type-- North Chukchi basin is a passive margin basin that
originally formed as a rift basin. Two rifting events, one in late Neocomian
(ca. 125-130 Ma) and the other in the latest Cretaceous or earliest Tertiary
(ca. 65 Ma) resulted in the formation of a hinge line along the basin's
southeastern margin. The basin fill prograded northward from the edge of the
Arctic Platform into the deep basin.

Prominent Seismic Horizons-- As many as four stratigraphic packets are
present (Figure 10); these probably represent Neogene, Paleogene, Cretaceous,
and pre-Cretacous units (Grantz and others, 1981).

Magnetics-- A discussion of paleomagnetic results for the Brooks Range
and Arctic Slope appears in Newman and others (1979).

Petroleum Geology-- Marine source beds are inferred to be present in the
Brookian sequence (Grantz and May, 1984a). Strong seismic reflectors in the
Brookian sequence are suggestive of sandstone and possibly conglomerate beds
that may be potential reservoirs, Listric normal faults and rotated fault
blocks in the lower Brookian sequence are overlain by either (1) a seismic
unit containig relatively weak reflectors (fine-grained clastic strata?) or
(2) the base of the upper Brookian unconformity; in both cases there is
potential for seal and source beds adjacent to reservoir beds. Favorable
trap/seal/reservoir/source relationships may be associated with shale diapirs.

No thermal data is available from the basin. However, several thermal
models based on analogies with other rift basins have been proposed by Grantz
and May (1984b), and all predict large volumes of Brookian strata lie within
the oil generation window.

Maps and Other Illustrations-- Maps showing the location of the basin and

basin structure appear with stratigraphic columns and seismic profiles in
Grantz and others, 1982b. Grantz, Holmes, and Kososki (1976) and Grantz and

May (1984b) present seismic profiles from North Chukchi basin. A cross
section based on wells in the National Petroleum Reserve in Alaska (NPRA),
located 200 km to the east, is presented in Grantz and May (1984a).

Degree of Coverage-- Both multichannel and high-resolution seismic grids
with 50 km line spacing, some single-channel seismic data, and several seismic
refraction lines cover the basin, Well data is available from onshore wells
in NPRA,

Other Information--North Chukchi basin is inferred to contain
substantially or dominantly marine rocks (Grantz and others, 1982b).

References-- For more detailed information see Grantz and others 1982b;
Grantz, Eittreim, and Whitney, 1981; Grantz, Holmes, and Kososki, 1976;
Grantz, Eittreim, and Dinter, 1979; Molenaar, 1983; Ruppel and McHendrie,
1976, and Grantz and May, 1984a, 1984b.

SOUTH CHURCHI BASIN AND THE ALASKAN NORTH SLOPE
General Information-- ILocated between lat. 68° and 72°N. and between
long. 140° and 170°W., the South Chukchi basin and Alaska North Slope have a
combined area of more than 240,000 square kilometers, 75,000 of which lie
offshore. The offshore area north of BHerald-Wrangel arch, south of North
Chukchi basin, and south of Barrow arch is referred to here as South Chukchi
basin (plate 1) and is treated as an offshore continuation of the North
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Slope. In places the sedimentary sections of South Chukchi basin and the
North Slope include more than 7 km of rocks of the Brookian sequence (Jurassic
and younger), the Cretaceous sequence alone may be 7 km thick. In addition, 4
to 8 km of sedimentary rocks of the Eo-Ellesmerian (Jurassic and early
Cretaceous; Barrovian sequence of Carman and Hardwick, 1983) and Ellesmerian
sequences are locally present.

Geologic and Geographic Boundaries-- Barrow Arch forms the northern
boundary of the province, older strata onlap the arch and younger strata
overstep it. North Chukchi basin lies to the northwest. In the west,
offshore, thrust faults of the Herald fault zone bound the province. Thrust
faults and folds of the Brooks Range form the southern boundary onshore.

In the northeast, the basin narrows toward the Alaska-Canada border as
the Brooks Range and the coast (Barrow Arch) converge. The thick Tertiary
section there is known variously as Sagavanirktok, Camden, or Umiat basin.
This Tertiary section extends offshore to form the progradational sediment
prism of Kaktovik basin.

Basin Shape-- The North Slope is elongate in an east-west direction
(Plate 1). The Cretaceous sequence is thickens to the south. The main
Tertiary depocenter is in the northeast.

Structural Geology-- East-west trending foreland folds occur in the
southern part of the area. These folds are 50 to 100 km long, with
wavelengths of 20 to 25 km and amplitudes to 1.2 km (Grantz and others,
1976). On the Chukchi coast amplitude and tightness of folding (dips range
from 1 to 15 degrees) increase southward from Icy Cape. Detachment is
inferred to be in the Albian Torok shale (Grantz and others, 1981). The folds
are associated with north verging thrust faults and incipient core
diapirism. Deformation that resulted in the formation of foreland folds
probably occurred in the Late Cretaceous or early Tertiary (Laramide
orogeny?). North of the zone of folding regional dips are to the south.

Bagsement-- Acoustic basement is in the Ellesmerian sequence, except near
Barrow Arch where seismic penetrates to the top of the Pranklinian sequence
(Grantz and others, 1976). Crustal basement is continental, primarily rocks
of the Franklinian sequence.

Basin Type-- The basin is a southward-deepening asymmetric foreland basin
or foredeep. Colville foredeep is underlain by rocks of Ellesmerian age
(Mississippian thru Jurassic) that are part of the Arctic Alaska basin, an
intracratonic basin.

Stratigraphy-- (Figures 11, 12, 13, 14, and 15) The source area for
sediment filling Colville foredeep lay to the south. Prior to the Jurassic
(Ellesmerian time) the source was probably to the north. Late Cretaceous and
Tertiary nonmarine sandstones and conglomerates form the thickest sequences of
coarse—grained units. Cretaceous units are thickest in the south and thin to
the north. Pro-delta and intradelta deposits overlie deep~-marine units,

Volcanic rocks in the basin include Middle Jurassic tuffs and Turonian
(90 Ma) ash beds in the Seabee Formation. Plutonic rocks are represented by
Jurassic diabase in NPRA.

Prominent Seismic Horizons-- Many horizons have been mapped within the
NPRA (See Bruynzeel and others, 1982) and in a large area surrounding Prudhoe
Bay (See U.S. Geological Survey Misc. File Map Series MF-928). Prominent
horizons include the base of the Tertiary and the Iower Cretaceous regional
unconformity.

Gravity-- See article by May (1985) and Ostenso (1968).

Magnetics-- Paleomagnetics of northern Alaska are discussed by Newman and
others (1979).
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Figure 11 SOUTH CHUKCHI BASIN Data from Grantz and others, 1981; 1982b
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Figure 12 POINT BARROW TO ICY CAPE Data from Grantz and others, 1931; 1982b
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Data from Grantz and others, 1981;

WESTERN NORTH SLOPE

North Slope Biostrat. chart, 1981

Figure 13
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Figure 14 CENTRAL NORTH SLOPE Data from Grantz and others, 1981;
Molenaar, 1983; Biostrat. Cht., 1981
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Figure 15 EASTERN NORTH SLOPE Data from Reisner and others, 1980
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Petroleum Geology-- On the North Slope, the geothermal gradient ranges
from 25 to 40°C/km and is highest near Prudhoe Bay (Tailleur and Engwicht,
1978).

Prudhoe Bay and Kuparuk River hydrocarbons accumulated in combined
stratigraphic and structural traps. Closure is provided by structural dip, an
unconformity, and high~angle faults. Cretaceous shales (source rocks?)
commonly seal the reservoirs and are present in large amounts south, east, and
possibly north of the two fields. Other source beds include Triassic and
Jurassic shales (Carman and Hardwick, 1983; Jones and Speers, 1976). 0il and
gas bearing rocks are discussed in Jones and Speers (1976).

MNaps and Other Illustrations-- ILocation maps and stratigraphic columns
are included in Grantz and others, 1981. 1Isopach and structure-contour maps,
as well as seismic profiles, cross sections, and stratigraphic columns, appear
in Bruynzeel and others, 1982, Isopach, structure contour, location, and
geothermal gradient maps are included in U.S. Geological Survey Misc. File Map
Series MF-928. See also the Alaskan North Slope Generalized Subsurface
Biostratigraphic Chart (Biostratigraphics, 1981).

Degree of Qoverage-- This large area ranges from well covered near
Prudhoe Bay to moderately well covered in NPRA to poorly covered in the Alaska
National Wildlife Refuge.,

Other Information-- Nonmarine Cretaceous and Tertiary strata crop out
along the northern side of the basin.

The basin connects with North Chukchi basin over Barrow Arch in the
northwest and with the Beaufort Shelf (Nukum and Kaktovik basins) in the
northeast.

References-- For more detailed information see Grantz and others, 1976,
1981; Molenaar, 1983; Carman and Hardwick, 1983; Jones and Speers, 1976;
Newman and others, 1979; Ostenso, 1968; Bruynzeel and others, 1982; U.S.
Geological Survey Misc. Field Map Series MF-928; and Biostratigraphics, 1981.

HOPE BASIN

General Information-- Hope basin is located at lat. 66°30' to 79°N.,
long. 165° to 172°W. It has an area in excess of 63,000 square km. The
maximum thickness of the basin £fill is 5.6 km (Grantz and May, 1984a).
Sedimentary rocks filling Hope basin are mainly Tertiary and younger, but the
basin may include strata of Late Cretaceous age. Water depths are less than
100 m throughout the area. Most of the basin lies in the Hope planning area,
the northeastern corner of the basin (east of long 169°W. and north of Point
Hope) is part of the Barrow Arch planning area.

Geologic and Geographic Boundaries-- Herald Arch, an uplifted basement
arch extending northwest from Cape Lisburne, and thrust faults of the Herald
fault zone form the northern boundary of the basin. Wrangel Arch, a
northwestern extension of Herald Arch, forms the northwest boundary of the
basin, In the southwest, sedimentary rocks onlap basement at the Chukotsk
Peninsula (U.S.S.R.). Acoustic basement shallows south of the basin at
Kotzebue Arch where the basin fill onlaps older high-velocity rocks of the
Seward and Chukotsk Peninsulas. Selawik lowland, an onshore extension of the
basin, lies along the northern side of Seward Peninsula and may connect with
the Cretaceous Kobuk basin to the east. Down-to-basin normal faults parallel
the coast on the eastern side of the basin adjacent to the DeLong Mountains.
The Lisburne Hills uplift lies northeast of Hope basin.

Basin shape-- Hope basin is elongate in an east-west direction (Figure
16); the basin is deeper in the east, with a more steeply dipping basement
surface to the north. During the Tertiary the depocenter migrated from the
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south or southwest to the north or northeast through the Tertiary. 1In the
Neogene the depocenter was north of Kotzebue Arch, northwest of Cape
Krusenstern and adjacent to the DelLong Mountains. The main depocenter during
the Paleogene (possibly Late Cretaceous) was west of Point Hope, sedimentary
rocks were also deposited south of what is now Kotzebue Arch. Paleogene rocks
are more uniformly distributed than Neogene rocks (Grantz and others,
1982b). A series of buried basement ridges divide Hope basin into elongate
troughs or subbasins (Eittreim and others, 1977).

Structural Geology-—- Eastward-trending elongate troughs and ridges occur
throughout the basin. Some ridges are asymmetrical, resembling rotated fault
blocks, others are symmetrical and seem to be horsts.

Kotzebue Arch is a major east-west trending mid-Tertiary tectonic warp in
the southern part of the basin. It is older than seismic horizon "K" and may
connect with the southern Brooks Range (Baird Mountains, Igichuk Hills). A
down~to~the~north normal fault with up to 2.5 km displacement forms the arch's
northern flank, creating an east-west trending half graben. The arch formed
the hingeline for subsidence of the Neogene basin. Active uplift of the ridge
took place in the late Tertiary (Eittriem and others, 1977).

There are small, deeply buried, east-west trending anticlines that are
older than (or coevil with) the formation of Kotzebue Arch. Some of these
seem to be offshore extensions of topographic features in western Alaska
(Eittreim and others, 1977).

Thrust faults, high-angle reverse faults, and high-angle normal faults
are all present in Hope basin (Grantz and others, 1982b).

Basement-- The basin formed on continental crust. Some basement ridges
are offshore extensions of topographic features in western Alaska. Seismic
reflections show strong basement relief, faulting, and warping (Grantz and
others, 1982b). Acoustic basement is probably strongly deformed lower
Cretaceous and older rocks of the Brooks Range orogen (Grantz and others,
1981).

Basin Type-— Hope basin is an extensional (north-south extension)
intracontinental basin (Grantz and others, 1981) analogous to Norton basin
(Grantz and others, 1982b).

Stratigraphy-- The major source area for sediment filling the basin is
probably east of the basin (Alaska); the amount of sediment derived from the
west (Siberia) is unknown. Sediment distribution is controlled by basement
ridges (Eittreim and others, 1977).

Coarse-grained units were penetrated in two wells at Kotzebue Sound at
600 and 1100 m (Eittreim and others, 1977). Below 1100 m the occurrence of
coarse-grained units increased in both wells.

In the area north of Kotzebue Arch reflectors younger than seismic
horizon "K" diverge to the north.

Basaltic volcanism on the Seward Peninsula began in the late Miocene and
continued into the Pliocene and Pleistocene.

Deformation that resulted in the formation of Kotzebue arch and related
structures took place in the middle Tertiary. Active uplift continued in the
late late Tertiary (Eittreim and others, 1977).

Prominent Seismic Horizons-- Reflector "K" is of unknown age but is
probably late Tertiary and possibly represents the Paleogene-Neogene boundary
(Figure 17). It divides the basin fill into two sequences and may be an
unconformity. Reflections in the upper sequence show continuous bedding and
no channeling, this sequence is inferred to have been deposited in a quiet
marine (estuarine or shelf) environment. The acoustic basement surface forms
another prominent seismic horizon.
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Figure 17 HOPE BASIN Data from Eittreim and others, 1977; 1978;
Grantz and May, 1984a. -
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Gravity-- A positive anomaly has been recognized along Kotzebue Arch
(Barnes, 1976; Ostenso, 1968).

Petroleum Geology-- The geothermal gradient has been inferred to be 35 to
40°C/km, analogous to Norton basin. Source rocks may be gas prone.

MNaps and Other Illustrations-- Location and isopach maps, along with
seismic profiles and cross sections, appear in Eittreim and others, 1977.
Cross sections and seismic profiles are included in Grantz and others, 1976.

Degree of coverage-- A single-channel seismic grid with 25 km spacing and
four seismic refraction lines cover the basin. There are two wells onshore in
the southeastern part of the basin.

Other Information-- Nonmarine rocks are prominent (possibly dominant) in
marginal outcrops and Kotzebue test wells, Tertiary marine faunas were,
however, able to migrate across the Bering Straits.

References-- For more information see Grantz and others, 1976, 1979,
1981, 1982b; Eittreim and others, 1977, 1978; Barnes, 1976; Ostenso, 1968; and
Grantz and May, 1984a, b.

NORTON BASIN

General Information-- Norton basin has an area of 34,000 square km.
Water depths range up to 50 m. As much as 6.5 km of Eocene (Paleocene or
Cretaceous?) and younger sedimentary rocks £fill the basin. It forms the
Norton Basin planning area.

Geologic and Geographic Boundaries-- The basin lies south and southwest
of Seward Peninsula (Figure 18). BAlong the western part of the peninsula the
basin fill onlaps a shallow basement platform. To the east lies the east-west
trending North Boundary fault, a down-to-basin normal fault with up to 4 km of
offset., <The Bering Straits (shallow basement), Chukotsk Peninsula (basement
outcrops), and U.S. - Russia convention line lie northwest and west of Norton
basin. Saint Lawrence Island, and the north-northwest trending Socuth Boundary
fault--a down-to-basin normal fault with up to 2.5 km throw--lie southwest of
the basin. South of the basin are the Yukon Delta, Bering Shelf, and the 1 to
2 km thick sedimentary section of Saint Matthew basin., East and southeast of
the basin is a possible crustal suture where Precambrian rocks are in fault
contact with Cretaceous sedimentary rocks of the Lower Yukon basin (Yukon-
Koyukuk province).

Basin shape-- The basin is elongate in an east-west direction, 350 km
long by 50 to 120 km wide. It is divided into three structural areas: (1) an
area with basin fill thinner than 2 km that is located north of Saint Lawrence
Island and west of long. 168° W., (2) Saint Lawrence subbasin, located south
and west of Yukon Horst, contains up to 5 km of sedimentary fill, and (3)
Stuart subbasin, located north and east of Yukon Horst, contains up to 6.5 km
of sedimentary fill,

Structural Geology-- Yukon Horst has up to 3 km of relief, the northern
side of the horst is steepest and has the most relief. The horst separates
the eastern part of Norton basin into Saint Lawrence and Stuart subbasins.
Strata overlying Yukon horst are folded. The horst probably formed early in
the basin's history, preventing the movement of sediment between the two
subbasins.

West of long. 168°W. northwest-trending grabens shoal to the northwest.
Northwest-trending antiforms may be anticlines or horsts.

Saint Lawrence subbasin contains northwest-trending faults that have been
most active near the Yukon Delta. Drape or compaction structures form broad
anticlines (with 2° to 9° dips on the flanks) that show decreasing relief
upsection. These may overlie volcanic mounds in the basement (Fisher and
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others, 1982).

Stuart subbasin includes the east-west trending Nome horst and the east-
west trending North Boundary fault--a down-to-the-south normal fault that is
located along the subbasin's northern side. Other structures have northeast
trends.

Few onshore strutures extend offshore. Major faults were most active
early in the basin's history. In general, dips shallow upsection.

Basement-- Precambrian crystalline rocks and Paleozoic rocks (including
carbonates) underlie most of the basin. Cretaceous rocks of the Lower Yukon
basin (Yukon-Koyukuk province) may underlie the southwestern part of the basin
near the Yukon Delta. Basement was metamorphosed and deformed in the Late

Juraisig ﬁ?d Cretaceous, but  basement structure observed _today probably
resulte rom an early Tertiary event, Cretaceous siliceous plutons

(magnetic) and possibly calc-alkaline plutons (non-magnetic) underlie parts of
the northwestern Bering Sea including Norton basin (Fisher and others, 1982).

Basin Type-- During the Neogene the basin underwent isostatic regional
subsidence. In the Paleogene it was an extensional rift basin which initially
subsided by block faulting.

Stratigraphy-- The metamorphic terrane on Seward Peninsula has been a
major source for basin-filling sediments. Coarse~grained units include
Paleogene continental deposits.

In the northern Bering Sea, calc-alkaline volcanism occurred from 108 to
92 Ma, 85 to 70 Ma, and 70 to 55 Ma. Flood basalts erupted in the Miocene and
Pliocene. Granitic intrustions have been dated at 110 to 85 Ma and calc-
alkaline intrusions 85 to 70 Ma (Figure 19).

Prominent Seismic Horizons—-- The "A" horizon of Fisher and others (1982)
lies on top of the acoustic basement surface and is probably Paleozoic or
older (Figure 19). A discontinuous horizon in the Paleogene section--locally
an unconformity on continental deposits--is the "B" horizon of Fisher and
others (1982) and the "B-1" horizon of Turner and others (1983b). Throughout
the basin a zone of continuous, moderately strong reflectors overlies a zone
of discontinous, weak reflectors; the horizon separating these two sequences
has been designated the "C" horizon (Fisher and others, 1982). In Norton
basin COST well no. 2, horizon C occurs in the Oligocene section and
represents a marine transgression (Turner and others, 1983b). Horizon "D" of
Turner and others (1983b) represents the top of a conformable sequence
throughout the basin and is correlative with a late Oligocene coal-sandstone
sequence at the COST well. However, horizon "D" of Fisher and others (1982)
is interpreted as an unconformity at the base of the Pliocene or as a Bottom-
Simulating Reflector (BSR) produced by a density contrast associated with
silica diagenesis.

Gravity-- Strength of anomalies is proprotional to basement depth (Fisher
and others, 1982). A gravity map in Fisher and others (1982) shows Bouguer
gravity onshore on the Seward Peninsula and free-air gravity offshore in
Norton basin,

Magnetics-— Anomalies in the basin are probably associated with
Cretaceous silicic plutonic rocks (Fisher and others, 1982).

Petroleum Geology-- The geothermal gradient in Norton basin was estimated
by Fisher (1982) to be 35 to 40°C/km. The gradient in COST #1 was 36.5°C/km
from 608 to 2745 m and, 36 hours after circulation ceased, was 44.5°C/km from
2896 to 4468 m (Turner and others, 1983a). The gradient in COST #2 was
37°C/km from 305 to 3353 m and, 48.5 hours after circulation ceased, was
45.6°C/km from 3353 to 4267 m (Turner and others, 1983b).

Vitrinite reflectance values range from 1.88 to 3.45% in eastern Norton
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NORTON BASIN Data from Turner and others, 1983a,b;
Figure 19 Fisher and others, 1982 ! '
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Sound, from 0.86 to 0.92% on Seward Peninsula, from 0.22 to 0.39% on Saint
Lawrence 1Island (Fisher, 1982), from 0.2 to 8% (average 0.5%) in COST #1
(Turner and others, 1983a), and from 0.3 to 1.4% (average 0.5%) in COST #2
(Turner and others, 1983b). Best hydrocarbon generation is associated with
vitrinite reflectance values of 0.6%<x<1.4%. These values were encountered
between 2957 and 4206 m in COST #1 (Turner and others, 1983a) and between 3261
and 4359 m in COST #2 (Turner and others, 1983b).

Organic carbon in onshore rocks ranges from 0.16 to 2.1% (Fisher,
1982). Organic carbon in the COST wells ranges from 0.2 to 52% (coal beds
give high values) and is commonly between 0.2 and 2%. Organic matter in COST
#2 is predominantly type III humic kerogen (Turner and others, 1983b).

Evidence for diagenesis of the basin fill includes laumontite £filling
voids and the possibility that Fisher and others' (1982) seismic horizon D
represents a diagenetic front (opal A to opal CT?).

Numerous faults cut potential hydrocarbon migration paths in Norton
basin. A gas seep has been observed on the northern end of Yukon Horst
(Fisher, 1982).

Maps and Other Illustrations-- Structure-contour and location maps appear
along with seismic profiles in Fisher and others, 1982,

Degree of coverage-- Coverage includes two COST wells, a 24 channel
seismic net and a single channel seismic net at 20 km spacing, and 33 seismic
refraction lines.

Other Information-- Subsidence exceeded sedimentation early in the
basin's history. An unconformity in the uppermost nonmarine beds (late
Paleogene?) also beveled horst tops flat.

References-- For more detailed information see Fisher and others, 1982;
Fisher, 1982; and Turner and others, 1983a and b.

ANADYR BASIN

General Information-- Anadyr basin is located at lat. 64°N., long. 178°W
(Figure 20). It has a total area of 75,000 square km, 35,000 square km
onshore in the U.S.S.R. and 40,000 square km offshore. The maximum thickness
of basin fill is greater than 9 km, and is 12 km in Oomyousik basin. Rocks in
the basin are thought to be Cretaceous and younger in age. Water depths are
less than 200 m.

Geologic and Geographic Boundaries-- North and east of the basin is the
Okhotsk-Chukotsk volcanic belt, a broad bedrock high of predominantly igneous
composition. In the north and northwest the Anaut uplift, a bedrock high,
separates BAnadyr basin from the smaller Kresta basin. To the west, Anadyr
basin extends onshore into the U.S.S.R. The southern boundaries of the basin
are formed by the Koryak melange belt, the Koryak Range, and Anadyr Ridge--a
northwest-trending, partly igneous, faulted-bedrock high that shows gravity
and magnetic anomalies and may be the offshore extension of the Koryak melange
belt.

Basin Shape-- The offshore part of the basin is elongate and curved,
trending north-south in the eastern part (East Anadyr Trough) to northwest-
southeast in the area west of long. 177°W. The onshore and nearshore parts of
the basin trend east-west.

Structural Geology-- Anaut uplit, located at the northeast corner of the
Gulf of Anadyr, is a basement uplift associated with gravity and magnetic
highs., The overlying sediments are faulted.

Paleogene and older units are broadly folded in the onshore section, and
are cut by reverse and normal faults. More than 50 northeast-trending
anticlines occur onshore. Of fshore, these ridges swing around to trend
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northwest.

Bagsement-- Onshore, economic basement is in Iower Cretaceous tuff,
sandstone, andesite, and basalt beds. Acoustic basement is not well defined;
terminal reflectors are not visible on some seismic profiles. Basement may be
folded and broken blocks of Upper Jurassic and Lower Cretaceous rocks.

Beneath the northern parts of the basin, crustal basement is formed by
the Okhotsk-Chukotsk magmatic arc. The rest of the basin is inferred to be
underlain by transitional or oceanic crust.

Basin Type-- Anadyr basin is a broad crustal sag, possibly a Cretaceous
forearc basin.

Stratigraphy-- The source of basin filling sediment is in the Koryak and
Chukotsk ranges to the north. oOnshore, coarse-grained units include up to 80
m of high-porosity sandstone in the Miocene section (Figure 21). Some

sandstone beds are lenticular.

Volcanism and plutonism include Cretaceous and early Tertiary calc-
alkaline sequences of the Okhotsk-Chukotsk volcanic belt and diabase sills of
Senonian age (88-65 Ma).

Two distinct periods of deformation include one that accompanied basin
formation in the Mesozoic, concurrent with development of the Okotsk-Chukotsk
volcanic arc and the Roryak melange belt, and one in the late Cenozoic that
caused uplift near the Anaut uplift and east of Cape Navarin (Marlow and
others, 1983a).

Prominent Seismic Horizons-- There are two prominent seismic horizons,
alpha and beta (Figure 22). The alpha horizon underlies a sequence of flat or
gently dipping, laterally continuous reflectors and is interpreted as the
Neogene-Paleogene boundary. Velocities at the alpha horizon range from 3590
to 3950 m/sec. The beta horizon underlies a more steeply dipping or folded
sequence of short, discontinuous reflectors, and is interpreted as the
Cenozoic-Mesozoic boundary. Velocities at the beta horizon range from 5340 to
4780 m/sec. Alpha and beta are iso-velocity horizons and may be time
transgressive (Marlow and others, 1983a). In general, at a given depth,
seismic velocities onshore are higher than seismic velocities offshore.

Gravity-- See Marlow and others (1983a) for a free-air gravity map.

Magnetics-- See Marlow and others (1983a) for magnetic profiles and a
discussion of magnetics.,

Petroleum Geology-- Vitrinite reflectance values show a weak to moderate
thermal history (McLean, 1979a). Potential oil and gas bearing rocks (Miocene
sandstone) show up to 26% effective porosity and 560 md permeablility. Gas
shows occur in Cretaceous and Miocene sandstone beds and in Bocene and
Oligocene rocks onshore.

Maps and Other Illustrationgs-- See Marlow and others (1983a) for
location, isopach, structure, and thickness maps and also for seismic
profiles, line drawings of profiles, and cross sections. Structure-contour
maps and stratigraphic columns appear in McLean, 1979%a.

Degree of coverage-- Coverage includes thirty Soviet wells onshore, 1800
km of offshore geophysical data, 17 seismic refraction lines offshore, and
line drawings of 300 km of Soviet geophysical data.

Othexr Information-— The history of Anadyr basin is similar to that of
Navarin basin.

Oomyousik basin, lat. 72°20'N., long. 178°W., is a normal-fault-bound
basin containing more than 12 km of southeast-dipping post-beta-horizon fill.

References-- For more information see Marlow and others, 1983a; Cooper
and others, 1979; and McLean, 1979a.
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Figure 21 ONSHORE ANADYR BASIN Data from Mclean, 1979;
7 Marlow and others, 1983a
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Data from Marlow and others, 1983a

ANADYR BASIN OFFSHORE

Figure 22
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NAVARIN BASIN

General Information-- Navarin basin is located on the Bering Shelf at
lat. 60°N., long. 177°W (Plate 1). It has an area of about 62,000 square
km. Throughout the basin water depths are shallower than 800 m, usually
between 100 and 200 m. Cretaceous (?) and younger sediments that fill the
basin are in places more than 10 km thick. Navarin basin forms the Navarin
Basin planning area.

Geologic and Geographic Boundaries-- Anadyr ridge--probably an offshore
extension of the Koryak uplift and Koryak melange belt of eastern Siberia--
forms the northern boundary of the basin and separates it from Anadyr basin.
The U.S.-U.S.S.R. convention line forms a political boundary on the northern
and northwestern sides of the basin near lat. 63°N. Navarin Ridge and an
acoustic-basement high form the western and southwestern boundaries of the
basin. The southern margin of the basin is near lat. 58°N. The Okhotsk-
Chukotsk volcanic belt bounds the basin near long. 174°W.

Basin shape-- Navarin basin is elongate along a north-south trend, 400 km
long by 190 km wide. The thickest sedimentary sections (>10 km) lie in three
filled subbasins. The northern subbasin, Navarinsky, has an area of about
7000 square km. The central subbasin, Pervenets, has an area of about 4000
square km, The southern subbasin, Pinnacle Islands subbasin, has an area of
8000 square km.

Structural Geology-- Strata in the Navarinsky subbasin are arched into
anticlines 10 to 15 km across. On seismic records the anticlines appear to
have diapiric cores. Folding occurred during late Miocene thru Pliocene, in
response to deformation and uplift of the Koryak range (and presumably of
Anadyr Ridge). Pervenets subbasin shows several kilometers of thickening in
the mid-lower part of the upper reflective sequence. In the northeastern part
of the basin, in an area underlain by a gravity high, the upper part of the
section (late Miocene thru Pliocene?) shows southwesterly dips. Elongate
grabens in the southern part of the basin create a series of northwest-
trending basins and ridges that parallel the basin margin (Marlow and others,
1981). Growth faults parallel the basin margin in the two southern subbasins.

Basement-- Basement beneath the northeast side of the basin is volcanic
and plutonic rocks of the Okhotsk-Chukotsk magmatic arc. Acoustic basement is
formed by a folded Late Cretaceous sequence cut by a wave-base unconformity of
early Tertiary age (and may locally include an early Tertiary volcanic
sequence like that drilled in St. George basin. Crustal basement is inferred
to be intermediate or oceanic crust.

Basin Type-- Navarin basin is probably a transform basin (inferred from
en echelon nature of the subbasins and intervening ridges, and from plate
motions),

Stratigraphy-- Source areas for Navarin basin sediments lie in Alaska and
Siberia. The ancestral Yukon, Kuskokwim, and Anadyr Rivers probably provided
most of the terrigenous basin fill.

Cretaceous and early Tertiary calc-alkaline volcanic and intrusive rocks
occur in the Okhotsk-Chukotsk volcanic belt and were drilled in St. George
basin to the south. Tuffaceous sediments of Late Cretaceous age (Campanian)
were encountered in the Navarin COST No. 1 well. Dredge hauls on the Navarin
continental slope recovered tuffaceous sandstones of late Oligocene age
(Turner and others, 1984c). The COST well also drilled through Miocene
diabase sills intruded into the late Cretaceous sequence (Turner and others,
1984c). Young basaltic volcanic rocks crop out on the Pribilof Islands and on
the Bering Shelf (Marlow and others, 1983b).

Prominent Seismic Horigzons-- The following is summarized from Turner and
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others (1984c). Four seismic horizons (A through D) divide the section into
five sequences (I through V). Sequence I (Figure 23) lies between the
seafloor and horizon A, it forms a basin-wide zone of continuous, parallel,
flat-lying reflectors (equivalent to the late Miocene and younger section
above 957 m in the COST well). Horizon A is locally an unconformity, but at
the COST well it represents a boundary between two lithologic zones and may be
a depositional hiatus. Horizon A may also represent a bottom—simulating
reflector (BSR) related to diagenetic alteration of opal A to clinoptilolite
and clay (at the COST well) or opal A to opal CT. Sequence II (late Oligocene
through late Miocene, 2127-957 m in the COST well) consists of laterally
continuous bedding and apparently represents continuous deposition; these
strata are the first to extend beyond the structurally controlled limits of
all the subbasins. Horizon B, at the base of sequence II, is locally an
unconformity, in the subbasins it is at most a depositional hiatus. Sequence
I1TI (between 3225 and 2127 m in the COST well; late Oligocene) consists of
discontinuous, parallel, variable-amplitude reflectors at shallow levels and
more continuous, higher amplitude reflectors in deeper parts of the basin.
Locally, sequence III strata are interpreted as proximal turbidite deposits
that onlap local structural highs. Horizon C is an indistinct (discontinuous
and variable amplitude at shallow levels) to distinct (continuous and high
amplitude in deeper parts of the subbasins) reflector that is locally an
unconformity. Sequence IV (3743 to 3225 m in the COST well; late middle (?)
Eocene to early Oligocene) consists of laterally discontinuous reflectors
deposited in an apparently continuous vertical sequence. At the shelf break
sequence IV is locally interpreted as proximal turbidite deposits flanking
basement highs. Dredge samples suggest sequence IV may contain early Eocene
and Paleocene rocks not present in the COST well., Seismic horizon D is a
distinct angular unconformity that separates acoustic basement from Navarin
basin fill, Sequence V (acoustic basement) shows variable amplitudes,
discordant reflections, diffractions, and incoherent noise; it occurs below
3743 m in the COST well where it includes Maastrichtian and Campanian or older
strata.

Gravity-- Anomalies are associated with diapiric structures and also
occur along the basin margin, bordering the igneous (?) rocks of Nunivak Arch
(Marlow and others, 1983b).

Magnetics-- An anomaly along the east side of the basin may represent a
change in the basement type (Marlow and others, 1983b).

Petroleum Geology-- The following is summarized from Turner and others,
1984c. The diagenetic alteration of opal A to clinoptilolite and clay is
observed in cores from the COST well from 929-1019 m. Dredge samples include
opal CT, so diagenesis of opal A to opal CT to quartz may occur in other parts
of the basin. These diagenetic fronts are likely the cause of bottom-
simulating reflectors (BSRs) seen on seismic profiles. Authigenic minerals
present in the COST well include pyrite (311-4841 m), clinoptilolite or
heulandite (311-4841 m), chlorite (311-4841 m), siderite (1019-4841 m),
smectite (1019-2723 m), analcite (1019-1369 m), calcite (1019-4841 m), gypsum
(2015-3134 m), quartz (2015-4841 m), feldspar (2015~4841 m), mixed layer clays
(2015-4841 m), chert (3134-4506 m), and kaolinite (3134-4841 m).

One interpretation of interval velocities between 900 and 1020 m suggests
the porosity drops from about 58% to about 38% through the diagenetic zone
beneath the BSR (estimates from well logs, these porosity values are probably
5 to 15% high). The best potential reservoirs encountered in the COST well
occur in Miocene to Oligocene rocks between 1019 and 2016 m. Permeabilities
greater than 100 md and porosities greater than 34% were not measured below
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Figure 23

NAVARIN BASIN

Data from Turner, 1984c; 1985.
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1785 m.

Overpressured zones occur from 604 to 1019 m and from 2723 to 4841 m in
the COST well.

0il shows and relatively high background gas were recorded between 3585
and 3738 m (middle~late Eocene). Fossils, dark color, and high organic carbon
values suggest sediments in this zone were deposited in an anaerobic outer
shelf to upper slope environment. Bright spots and wipeout zones on seismic
profiles collected over the central arch may be caused by shallow gas.

Vitrinite reflectance (Ro) exceeds (0.6% below 2890 m and 1.35% below
4414m. Anomalously high Ro values (4.0%) are associated with sills that
intrude the section below 3737 mn. Nearby dredge samples show vitrinite
reflectance values of 0.31 to 1.14%, Spore coloration index reached 3.5
(threshold for peak o0il generation) at about 1824 m and 7.0 in the
unmetamorphosed part of the section below 4110 m. Pyrolysis suggest the oil
generation window (435°C < T2max < 470°C) is between 3664 and 4396 m.

Total organic carbon (TOC) values range up to 50% (coal), and are as high
as 2% in the interval between 3585 and 3738 m., A plot of hydrogen index vs.
oxygen index (Van Krevelen diagram) suggests type I, II, and III are all
present in the well., Four samples from the cored interval between 3715 and
3726 m have hydrogen indices (mg hydrocarbons per gram TOC) of 290 to 370 and
oxygen indices (mg carbon dioxide per gram TOC) of 0 to 7.5.

In the COST well the geothermal gradient is reported as 45.58°C/km in the
upper 1000 m and 32.44°C/km from 1000 to 4841 m, an average of 35.47°C/km.
The basinwide geothermal gradient is estimated at 40°C/km based on the depth
to the BSR (assuming the BSR represents an opal A to opal CT diagenetic
front).

Naps and Other Illustrationa-- ILocation and isopach maps appear with
seismic profiles and cross sections in Marlow and others, 1983b; and Turner
and others, 1984c, 1985, A structure-contour map has been prepared by Cooper
and others, 1979.

Degree of coverage-- Coverage includes 14 dredge stations in or near the
basin, 14 seismic refraction lines, a multi-channel seismic net with 5 km line
spacing, and 1000 km of single channel seismic data.

References-- For more information see Marlow and others, 1983a and b,
1981, 1979, and 1976; Cooper and others, 1979; and Turner and others, 1984c,
1985.

SAINT GEORGE BASIN

General Information-- Saint George basin is located on the southern
Bering Shelf between lat. 55°40'N., long. 165°30'W. and lat. 56°40'N., long.
169°W. The basin covers an area larger than 12,000 square km. Water depths
range from 100 to 200 m. More than 10 km of Cenozoic strata £ill the basin
(Figure 24). It is part of the Saint George planning area.

Geologic and Geographic Boundaries-- Basement shallows on the northern
side of the basin. Southwest-dipping normal faults form the northeastern
boundary of the basin. Pribilof Ridge, a structural high in the basement
complex, lies northwest of the basin. Black Hills Ridge (an anticlinal
structure), Unimak basin, and Amak basin lie south of the basin. To the
southwest, Pribilof ridge and a system of northeast-dipping normal faults
bound the basin. Bristol Bay basin lies east of Saint George basin.

Basin Shape-- Saint George basin is elongate, 300 km long by 30 to 50 km
wide, and parallels the northwest-southeast trend of the margin. Although
seismic profiles across the basin are roughly symmetrical, those along the
basin show two subbasins--northwest and southeast--separated by an intervening
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Figure 24

SAINT GEORGE BASIN

Data from Turner, 1984a,b.
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horst.

Structural Geology-- Normal faults and growth faults that parallel the
basin axis have been active since the Late Cretaceous or early Tertiary (70 to
50 Ma). These faults cut the section from near basement to the surface.
Broad anticlines and some tighter folds are associated with normal faults and
growth faults. Locally, strata drape over fault blocks in acoustic basement.

Basement-- Acoustic basement consists of folded Mesozoic sedimentary
rocks (COST No. 2 well) and middle Eocene or older volcanic rocks (COST No. 1
well). Upper Cretaceous rocks have been dredged near the basin. Basement may
also include Upper Jurassic equivalents of the Naknek Formation exposed to the
east (Figures 24, 25, and 26).

Basin Type-- Saint George basin has been described as a graben, an
extensional rift basin, and a rifted Mesozoic forearc basin (Marlow and
others, 1977).

Stratigraphy-- Sedimentary units in the basin fill thicken across growth
faults toward the basin center.

Tertiary volcanism and plutonism occurred nearby on the Alaska Peninsula
and Aleutian arc,

Prominent Seismic Horizons—-- Acoustic basement appears to underlie an
angular unconformity. Reflectors at the top of Oligocene strata and at the
top of Miocene strata have been correlated across St. George basin by Turner
and others (1984a,b).

Gravity-- See Watts, 1975. The basin is outlined by a gravity low.

Magnetics-- Total field magnetic anomalies are described in Bailey and
others (1976). A residual magnetic map has been prepared by Childs and others
(1981).

Petroleum Geology-- Organic carbon content of dredge samples exceeds
0.25% in Tertiary mudstone, 1% in Cretaceous mudstone, and 0.27% in one Late
Jurassic sample. Eocene thru Pliocene age dredge samples have an average
porosity of 48%. Neogene sandstone on the Alaska Peninsula has good reservoir
characteristics to 2400 m (McLean, 1977).

Authigenic pyrite is present throughout the wells. Other authigenic
minerals common in the COST wells include smectite (1571-2336 m), chlorite
(2139-3840 m), calcite (2578-4457 m), siderite (2327-4457 m), laumontite
(3065-4457 m), and quartz (2825-3840 m).

Porosity decreases downhole in COST No. 2 well from 40% to 3% at total
depth (4458 m), and exceeds 10% to a least 3871 m. Permeability ranges from
111 md to less than 0.01 md in conventional cores from the well. Average
permeabilities > 10 md are restricted to sandstone units with porosities >20%
(shallower than 2438 m).

Total organic carbon in the two COST wells typically ranges from 0 to 1%
and in a few instances exceed 1%. Kerogen averaged 50% vitrinite; four
samples from the COST No. 2 well exceed 35% amorphous kerogen. One coaly-
siltstone sample from 3827 m in the COST No. 2 well has TOC of 2.3%, 70%
amorphous kerogen, and hydrogen/carbon ratio of 1.16 (Turner and others,
1984a,b) Maturity sufficient for peak o0il generation probably exists below
about 3777 m (Ro > 0.6%).

The geothermal gradient reported by Turner and others (1984a,b) ranges
from 26.8°C/km in COST No. 2 well to 35.5°C/km in COST No. 1 well.
Recalculating these gradients wusing maximum bottom~hole temperatures and
assuming seabed temperatures of 4°C gives 32.9°C/km for COST No. 2 well and
37.9°C/km for COST No. 1 well,

Maps and Other Illustrations-- Seismic profiles and line drawings appear
in Marlow and others, 1979b. A map showing location and thickness appears in
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COMPOSITE COLUMNAR SECTION
NUSHAGAK LOWLANDS, ALASKA

AGE COLUMN FORMATION DESCRIPTION
Holocene Unconsolidated glacia) and post-gtacial sand
y Quaternary and gravel.
Stratified gravel, coarse sandstone, arkose,
Wushagak Fm and clay, Locally cross bedded and folded;
Spurrg(lsooi nearshore marine-nonmarine environment, Some
» (thickness gravels show glacial striae, McKay (1881-1884)
- unknown) coliected Mio-Pliocene fossils from head of
o2 Nushagak Bay. Quartz monzonfte and granite
E g stocks and plutons.
-
(&
(unnamed) Graywacke and shale, few bands of conglomerate;
- (1ndeterminate calcite and quartz veinlets; zeolites
4 thickness) abundant,
S
§-
® Impure quartzite, quartzose graywacke, siliceous
© Hauterivian- argiilite, slate, minor conglomerate, Local
Valanginfan red-green chert and siliceous argillites.
2100-3000 m Contains Buchia crassicolis. Section strongly
folded {n divergent direction from underlying
carbonaceous rocks,
Qo o
o § ‘q‘e
olgl P2
a3
= U d-th 1 111zed whi
e nnamed-thoroughly recrystallized white to
(‘m::o”::; cream colored. limestone and 1{mestone cono
Noric Stage glomerate. Contains pseudomonotis, myochoncha,
2 s placites.
s
=
Upper Volcanic Dark colored flows, agglomerate; basalt and
g sequence diabase, tuff; much chloritized,
E Lower Limestone Limestone, moderately recrystallized; grades
® sequence upward into volcanics; contains echinoids,
un. 150-300 m corals, bryozoans and forams.
-l ®
O g Mississippian{?) | Chert, grit, conglomerate; quartzite; an
N 5 argillite group; also 1imestone, calcareous
o2 sandstone, and shale. All cut by dikes and
3 g sills; also sheared and semi-schistose
a8 {unfossiliferous).
&5

Composite columnar section of the Nushayak lowlands derived from
Mertie (1938).

Figure 26.
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Cooper and others, 1979. An isopach map has been prepared by Marlow and
others, 1979a.

Degree of coverage-- Six hundred kilometers of mlti-channel seismic
data, dredge hauls, three seismic refraction lines (Marlow and others, 1979b),
and two COST wells (Turner and others, 1984a,b) cover the basin.

Other Information-- Basin extension may have resulted from rebound
following the cessation of subduction at the shelf edge and formation of the
subduction zone along what is now the Aleutian Arc.

References-- For more information see Marlow and others, 1977, 1979a and
b; Cooper and others, 1979; Bailey and others, 1976; Watts and others, 1975;
Childs and others, 1981; Pratt and others, 1972; Watts, 1975; and Turner and
others, 1984a,b.

AMAK BASIN

General Information-- Amak basin is located on the Bering Shelf at lat.
55°N., long. 165°W. It has an area of 2400 square km and lies in water 50 to
200 m deep. Four kilometers of Cenozoic sedimentary strata fill the basin.
Amak basin is part of the North Aleutian planning area.

Geologic and Geographic Boundaries-- The basin fill onlaps Black Hills
Ridge--an antiform cored by Jurassic sedimentary rocks--on the northern and
northeastern sides of the basin. The sedimentary section thickens towards the
slope on the western and southwestern sides of the basin. Unimak Island and
outcrops of igneous rocks lie south of the basin. Late Cenozoic igneous rocks
also crop out east of the basin on the Alaska Peninsula.

Basin Shape-- The western part of Amak basin is narrow and elongate along
an east-west trend, the eastern end of the basin is wider, nearly circular in
plan view, The basin fill is thicker to the east. 1In cross section, the
acoustic basement surface on the northeast side of the basin, adjacent to
Black Hills Ridge, is steeper than on the basin's southwest side.

Structural Geology-- Flat or gentle southern dips predominate except
where folding and high-angle faulting occur along the southwestern flank of
the Black Hills Ridge. There is also minor faulting and folding in the

northgagément-- Acoustic basement consists of a sequence of poor reflectors
that lie below a major (early Tertiary?) unconformity. The basement sequence
is probably Mesozoic in age, and may be equivalent to the Jurassic Naknek
Formation., Crustal basement is probably continental rocks of the Peninsular
Terrane,

Basin Type-- Amak basin is a gentle crustal sag or depression, a shelf
basin,

Stratigraphy-- Sedimentary units onlap Black Hills Ridge. They thicken
basinward and thin southwest of the basin center.

Throughout most of the Tertiary, volcanism and plutonism occurred nearby
on the Aleutian arc and Alaska Peninsula.

Prominent Seismic Horizons-- Up to 4 km of laterally continuous
reflectors, interpreted to represent Cenozoic strata, are underlain by a major
angular unconformity, possibly of early Tertiary age (Figure 27). This 4 km
thick Cenozoic section is underlain by up to 3 km of discontinuous reflectors
that form the Mesozoic (?) acoustic basement.

Gravity-- See Watts, 1975.

Magnetics-- A regional magnetic map that includes Amak basin has been
prepared by Childs and others, 1981.

Maps and oOther Illustrations-- See Marlow and others (1979a) for an
isopach map of Amak basin., Structure-contour maps of Amak basin include those
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Figure 27 AMAK BASIN Data from Marlow and Cooper, 1980
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by Cooper and others (1979) and Marlow and others (1979b). Seismic profiles
crossing the basin appear in Marlow and Cooper (1980).

Degree of coverage-- More than 110 km of 24 channel seismic reflection
data at 100 km spacing is available for Amak basin.

Other Information- For basin history diagrams derived £from nearby
onshore sections see Shumagin basin (Figure 39) and St. George basin (Figures
25 and 26).

References-- For more detailed information see Marlow and others, 1980,
197%9a and b; Cooper and others, 1979; Marlow and Cooper, 1980; Watts, 1975;
Childs and others, 1981; and MclLean, 1979b.

BRISTOL BAY BASIN

General Information-- Bristol Bay basin is located at lat. 56°N., long.
162°W (Figure 28). Offshore, the basin covers 18,900 square km (sedimentary
section more than 1.5 km thick). Estimates of the total area of the basin,
including onshore areas and those with sections less than 1.5 km thick, are as
high as 256,000 square km. More than 7 km of Jurassic and younger strata are
present. Water depths are less than 100 m. Bristol Bay basin is part of the
North Aleutian planning area.

Geologic and Geographic Boundaries-- Mesozoic sedimentary, volcanic,
metamorphic, and crystalline rocks crop out north of Bristol Bay basin,
Nunivak Arch lies northwest of the basin. Black Hills Ridge, an antiformal
structure containing Jurassic sedimentary rocks, lies south and southwest of
the basin., Polded Jurassic rocks crop out on the Alaska Peninsula southeast
of the basin. Bristol Bay basin is bounded by deformed, intruded, and
metamorphosed Paleozoic and Mesozoic rocks along its northeastern margin.

Basin Shape-- Bristol Bay basin is elongate with an east-northeast trend
(Figure 28). The basin fill is thickest near Port Moller on the Alaska
Peninsula. It is asymmetric in cross section, with a steeply inclined
basement surface on the southeastern flank and a gently inclined basement
surface on the northwestern flank.

Structural Geology-- Anticlines seem to have formed by differential
compaction of Cenozoic sediments deposited over erosional and faulted basement
highs. The upper part of the basin f£ill is flat lying, the lower part is
mildly folded or draped over basement blocks.

Basement-- Economic basement is formed by igneous rocks of the Alaskan
Peninsula and by Mesozoic and Paleozoic sedimentary rocks. Acoustic basement
is made up of deformed Late Cretaceous sedimentary rocks. Crustal basement is
inferred to be rocks of a Mesozoic magmatic arc. Gravity and magnetics seem
to define two different basement types. Ultramafic rocks are exposed on the
nearby Pribilof Islands. Basement subsidence began in the late Mesozoic and
continued through the Cenozoic,

Basin Type-- Bristol Bay basin is a structural sag.
Stratigraphy-- The source area for basin filling sediments was probably

cratonic Alaska.

Coarse-grained units include the Bear Lake Formation and Milky River
Formation. The Bear Lake Formation has more than 1500 m of mid-late Miocene
sandstone and conglomerate with lesser thicknesses of siltstone, mudstone, and

coal; sandstone porosity ranges up to 36.5% and permeability to 1,286
millidarcies. The Milky River Formation consists of more than 1000 m of late

Miocene thru Pliocene shallow marine sandstone, conglomerate, and mudstone
(Figures 29 and 30). Sedimentary units thin to the north.

Prominent Seismic Horiszons-- The basin fill is divided into a highly
reflective unit, composed of many coherent reflectors, underlain by a poorly
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Figure 29 BRISTOL BAY BASIN OFFSHORE Data from Marlow and others, 1980
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BRISTOL BAY BASIN ONSHORE

Data from McLean, 1979b; Detterman, 1985,

Figure 30
(Alaska Peninsula) pers. comm.; and Marlow and others, 1980
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reflective unit (Figure 29).

Gravity-- See wWatts, 1975.

Magnetics-- See Pratt and others, 1972.

Petrolewm Geology-- Paleogene and younger strata are largely immature.
However, the Oligocene Stepovak Formation may have the greatest potential as a
source rock. The total organic carbon content of the Mesozoic section
penetrated by the Amoco Cathedral River Unit 1 well was consistantly less than
1% (McLean, 1979b).

Unstable volcanic framework grains and formation of authigenic cements
limit the reservoir potential of the coarse-grained Tertiary units (McLean,
1979%). The Mesozoic section also shows low porosity (Marlow and others,
1980).

Maps and Other Illustrations-- See Marlow and others (1980) for a
location map and stratigraphic columns. A structure-contour map, seismic
profiles, and cross sections appear in Marlow and Cooper, 1980. An isopach
map has been prepared by Marlow and others, 1979a. Cooper and others (1979)
have prepared a structure-contour map.

Degree of coverage-- More than 6000 km of geophysical data, including 860
km of 24 channel seismic~reflection data, have been collected from the
basin. Nine wells have been drilled on the Alaska Peninsula.

Other Information-- For onshore geology see Shumagin onshore (Figure 39),
St. George basin (Figures 25 and 26), and McLean, 1979b. The Amoco Cathedral
River Unit 1 well penetrated Triassic strata in the Black Hills. The
Cretaceous unconformity in the Black Hills becomes a disconformity in Bristol
Bay basin. Subsidence and sedimentation rates seem to have been approximately
equal.

References-- For more detailed information see Marlow and others, 1980,
1979%9a; Marlow and Cooper, 1980; Cooper and others, 1979b; Box, 1985; Watts,
1975; Pratt and others, 1972; Mclean, 1979b; and Hoare, 1961.

ALEUTIAN BASIN

General Information-- The Aleutian Basin is located between lat. 51°N.
and lat. 63°N., and between long. 171°W. and 171°E. It covers an area of
650,000 square km in water depths that average 3600 m. Aleutian Basin
includes three major subbasins that contain as much as 10 km of post-
Cretaceous sedimentary fill (Plate 1).

Geologic and Geographic Boundaries-- Aleutian Basin is bordered by the
Beringian margin to the north, the continental shelf off the U.S.S.R. in the
northwest, Shirshov Ridge in the west, Bowers Ridge in the southwest, the
Aleutian Ridge in the south, the Aleutian Ridge and Umnak Plateau in the
southeast, and the Bering Shelf in the east and northeast.

Basin shape-- The basin shape is irregular. sStratigraphic sequences are
thickest near source areas. These include three crescent-shaped (filled-
trench?) subbasins., The remainder of the basin underlies the Bering abyssal
plain in the central part of the Aleutian Basin. Prior to the middle Miocene,
depocenters were in troughs north of Bowers Ridge and southwest of the Bering
Shelf, Since the middle Miocene, the main depocenter has been in the
northwestern part of the Aleutian Basin.

Aleutian Basin may have been open to the south prior to the formation of
the Aleutian Ridge (Cooper and others, 1981).

Structural Geology-- Younger strata seem to be draped over basement
relief, Deformed and thickened sediments lie adjacent to the north side of
Bowers Ridge and to the Beringian margin. Diapirs occur in parts of the basin
(Cooper and others, 1979). Strike-slip or oblique faults probably occur
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Data from Scholl and others, 1982

Figure 31 North of Amlia Corridor
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